Introduction
============

Gastric cancer has one of the highest incidence rates of all types of cancer globally, and the second highest mortality rate of all types of malignant tumor ([@b1-ol-0-0-6470]). As gastric cancer is frequently asymptomatic, the majority of tumor invasion and metastasis events occur prior to diagnosis of the patient at hospital. The high incidence of tumor metastasis and low sensitivity to chemotherapy in gastric cancer are important factors that restrict the improvement of gastric cancer survival rates ([@b2-ol-0-0-6470]). Epithelial-mesenchymal transition (EMT) is an important biological process through which malignant tumor cells derived from the epithelium obtain migration and invasion abilities. Following EMT, tumor cells lose epithelial cell polarity and their connection to the basement membrane, while their migration and invasion abilities, resistance to apoptosis and ability to degrade the extracellular matrix (ECM) are enhanced ([@b3-ol-0-0-6470]). Cofilin 1 is an important regulatory factor of EMT in tumor cells, demonstrating an association with the occurrence and development of tumors ([@b4-ol-0-0-6470]--[@b6-ol-0-0-6470]). Cofilin 1 may become a novel target for the treatment of malignant tumor growth and metastasis ([@b7-ol-0-0-6470]--[@b10-ol-0-0-6470]). *Celastrus orbiculatus* Thunb, a member of the Celastraceae family, is an important medicinal plant in China. Preliminary experimental studies have identified that the ethyl acetate extract of *C. orbiculatus* Thunb (COE) may significantly inhibit the proliferation, EMT, invasion and metastasis abilities of tumor cells ([@b11-ol-0-0-6470],[@b12-ol-0-0-6470]). However, the molecular mechanisms underlying the inhibition of EMT in tumor cells by COE remains unclear, and studies investigating the regulation of EMT by COE through Cofilin 1 pathways in tumors have not been performed at present. Identifying the mechanisms underlying COE-induced inhibition of tumor EMT processes and metastasis has significance for the identification and development of novel antitumor agents in traditional Chinese medicine (TCM). On the basis of previous studies by our group ([@b11-ol-0-0-6470],[@b12-ol-0-0-6470]), the present study examined EMT processes from the aspect of the cytoskeleton. The present study also revealed the mechanism underlying COE-induced inhibition of gastric cancer metastasis and invasion, which provides a basis for the development of novel antitumor TCM.

Materials and methods
=====================

### Drugs

*C. orbiculatus* Thunb was purchased from Guangzhou Zhixin Pharmaceutical Co. Ltd. (Guangzhou, China) in July 2014 and stored at 4°C. It was identified as Celastraceae by Professor Qin Minjian of China Pharmaceutical University (Nanjing, China). The extraction, purification and identification of the COE compounds was performed as described previously ([@b13-ol-0-0-6470]). COE was prepared at the Department of Chinese Materia Medica Analysis, China Pharmaceutical University (Nanjing, China). A detailed description of the preparation procedure has been described previously ([@b14-ol-0-0-6470],[@b15-ol-0-0-6470]). Briefly, dried stems of *C. orbiculatus* were pulverized and extracted using 95% ethanol 3 times; the final extract was obtained by filtering, removing ethanol, and vacuum cold-drying the final extracts at 4°C for 6 h. Finally, the extract was condensed, purified and lyophilized into powder at 4°C, and stored at 4°C thereafter. The COE micro-powder was dissolved in dimethyl sulfoxide (DMSO) to 1% and was further diluted with RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) to different concentrations (10, 20, 40, 80, 160 and 320 mg/l) prior to use. The final concentration of DMSO in the medium did not exceed 0.1%.

### Reagents and antibodies

RPMI-1640 medium and fetal bovine serum (FBS) were acquired from Gibco; Thermo Fisher Scientific, Inc. MTT and tetramethylrhodamine (TRITC)-conjugated Phalloidin, an actin staining agent, were purchased from Sigma-Aldrich; Merck KGaA (Darmstadt, Germany). Recombinant transforming growth factor (TGF)-β1 was obtained from R&D Systems, Inc. (Minneapolis, MN, USA). Matrigel was purchased from BD Biosciences (San Jose, CA, USA). Antibodies against epithelial (E)-cadherin (cat no. 3195), neural (N)-cadherin (cat no. 4061), Cofilin 1 (cat no. 5175), vimentin (cat no. 5741), MMP-2 (cat no. 4022), MMP-9 (cat no. 13667) and β-actin (cat no. 3700) were purchased from Cell Signaling Technology, Inc. (Danvers, MA, USA). Other chemicals used of analytical grade were from commercial sources.

### Cell culture

Human gastric cancer AGS cells were acquired from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences, Shanghai Institute of Cell Biology (Shanghai, China). AGS cells were cultured in RPMI-1640 medium containing 10% FBS and maintained at 37°C in a humidified incubator in an atmosphere of 5% CO~2~. Cell morphology was visualized at x100 magnification with an optical microscope (IX72; Olympus Corporation, Tokyo, Japan).

### EMT model

10^5^ AGS cells were seeded in 6-well plates for 12 h, then RPMI-1640 containing a concentration of 10 µg/l TGF-β1 was added into each well, and cultured at 37°C for an additional 24 h. To confirm the establishment of the model, the culture medium was removed, cells were washed twice with PBS and cell lysis buffer \[20 mM Tris (pH 7.5), 150 mM NaCl, 1% Triton X-100\] was added. After 15 min, all the liquid was collected into 1.5 ml EP tubes, and centrifuged at 8,000 x g at 4°C for 15 min. The BCA kit (Beyotime Institute of Biotechnology, Haimen, China) was used to quantify the protein, and total protein (50 µg) was separated using electrophoresis with a constant voltage of 110 V for 90 min in 10% SDS-PAGE gel. Following separation, proteins were transferred to a polyvinylidene (PVDF) membrane by electricity. The PVDF membrane was then washed 3 times, for 15 min each time, with 1X TBST (containing 0.1% Tween-20) wash buffer, then 5% skimmed milk powder solution was added for 2 h at room temperature. The membranes were subsequently washed again 3 times, for 15 min each time, with 1X TBST wash buffer. Primary antibodies were diluted to 1:1,000 with 5% skimmed milk powder solution and incubated with the membranes overnight at 4°C, which were then washed 3 times, for 15 min each time, with 1X TBST wash buffer. Secondary antibodies were diluted to 1:1,000 in 5% skimmed milk powder solution and incubated for 2 h at room temperature, then the membranes were washed 3 times, for 15 min each time, with 1X TBST wash buffer. A Bio-Rad protein gel imaging analysis system (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used to detect protein bands of the EMT biomarkers.

### MTT measurement of cell viability and proliferation

AGS cells were plated at a density of 1,000 to 10,000 cells/well in a 96-well plate, and incubated at 37°C for 12 h. AGS cells were grouped into a negative control group (untreated), a model group (10 µg/l TGF-β1) and COE groups of different concentrations (10, 20, 40, 80 and 160 mg/l). The cells were cultured at 37°C for an additional 24, 48 or 72 h following the treatments. At 24, 48 or 72 h, cells were incubated with RPMI-1640 medium containing 0.5 mg/ml MTT at 37°C for 4 h. Formazan crystals were dissolved with 150 µl DMSO. The absorbance of each well, including blanks, was measured at 490 nm in an automatic microplate reader subsequent to 10 min oscillation. The formula of the cell growth inhibition rate was as follows: Inhibition rate = (1 - absorbance of COE group/absorbance of blank control group) x100%.

### Cell invasion and migration assays

Cell invasion and migration assays were performed using a Transwell membrane (Corning Incorporated, Corning, NY, USA) according to the manufacturer\'s protocol. For the invasion assay, Matrigel was applied to the upper chamber. AGS cells (10^4^) were seeded into the upper chamber and treated with RPMI-1640 medium containing different concentrations (10, 20, 40, 80 and 160 mg/l) of COE. Media containing 10% FBS and TGF-β1 were added to the lower chamber for 24 h as a chemoattractant. At the end of the treatment, the cells on the upper surface of the membrane were removed by cotton swabs and cells invading across the Matrigel to the lower surface of the membrane were fixed with 95% methanol and stained with 0.1% crystal violet. Images were captured under a microscope at x200 magnification (Nikon Corporation, Tokyo, Japan) and invading cells were quantified by manual counting 5 fields of view. Migration assays were performed using the same procedure, except that the polycarbonate membrane was not coated with Matrigel. Each experiment was repeated 3 times.

### Association between Cofilin 1 expression and EMT

AGS cells were passaged and cultured in RPMI-1640 medium until they reached 50--60% confluence. Cultured cells were fixed with 4% paraformaldehyde in 1X PBS for 15--20 min at room temperature. Following 2 washes, cultured cells was permeabilized with 0.1% Triton X-100 for 1--5 min at room temperature. Following 2 washes, blocking solution \[5% bovine serum albumin (BSA) in 1X PBS\] was applied to the cultured cells for 30 min at room temperature. Primary antibodies (Anti-Cofilin 1) were diluted to 1:500 with 5% BSA and incubated at 4°C for 12--18 h. Following an additional 2 washes with 1X wash buffer, fluorescein isothiocyanate-labeled (1:500; AP124F) and TRITC-conjugated anti-Phalloidin secondary antibodies (1:100; SC-209) were diluted with 1X PBS immediately prior to use and incubated for 30--60 min at room temperature.

### Detection of Cofilin 1, matrix metalloproteinase (MMP)-2 and MMP-9

10^5^ AGS cells were seeded into 6-well plates. A negative control group, model group and groups of different concentrations (20, 40 or 80 mg/l) of COE were prepared and incubated at 37°C for 1 h. Then 10 µg/l TGF-β1 was added into each well and incubated at 37°C for an additional 24 h. Proteins were extracted from each group as previously described. A Bio-Rad protein gel imaging analysis system (Bio-Rad Laboratories, Inc.) was used to detect protein bands.

### Cell microfilament cytoskeleton staining

AGS cells (10^5^) were seeded into 6-well plates. A negative control group, model group and groups of different concentrations (mass concentration of 20, 40, 80 mg/l) of COE were prepared. Cells were passaged and cultured in RPMI-1640 medium until they reached 50--60% confluence. Cultured cells were fixed with 4% paraformaldehyde in 1X PBS for 15--20 min at room temperature. Suitable media was washed twice with 1X wash buffer, and permeabilized with 0.1% Triton X-100 in 1X PBS for 1--5 min at room temperature. Following 2 washes with 1X wash buffer, cells in suitable media were covered with dilute TRITC-conjugated Phalloidin in 1X PBS immediately prior to use, and incubated for 30--60 min at room temperature to stain the actin. Following this washing step, nuclei counterstaining was performed by incubating cells with 0.1 µg/ml DAPI for 1--5 min at room temperature, followed by 3 washes with 1X wash buffer, for 5--10 min each time. Fluorescence images were captured with a laser scanning confocal microscope (FV3000; Olympus Corporation).

### Statistical analysis

Data processing was performed with SPSS software (version 16; SPSS Inc., Chicago, IL, USA), using one-way analysis of variance, followed by a Bonferroni post-hoc test. Data are expressed as the mean ± standard deviation. P\<0.05 and P\<0.01 were considered to indicate a statistically significant difference.

Results
=======

### EMT model group

The cell morphology of the EMT model group was observed ([Fig. 1](#f1-ol-0-0-6470){ref-type="fig"}). Marked changes occurred in the morphology of cells, as visualized under a microscope. Cells with an originally irregular polygon morphology form gradually became spindle-shaped or fusiform, with high levels of pseudopodia identified around the cells, indicating that the cells had transitioned from epithelial cells into mesenchymal cells. The cells grew pseudopodia, and moved from their original congregated formations into dispersed populations, as demonstrated in [Fig. 1A and C](#f1-ol-0-0-6470){ref-type="fig"}. Through EMT, the epithelial cells lost their epithelial phenotype, including cell polarity and the connection with the basement membrane. Following this transformation, cells achieved a mesenchymal phenotype, including an increased capacity for migration and invasion, an increased resistance to apoptosis and the ability to degrade the ECM. Additional examination of the levels of classical EMT-associated biomarker levels revealed that the expression of the epithelial biomarker E-cadherin, which mediates cell-to-cell homogenous adhesion, was markedly decreased while the expression levels of the interstitial markers N-cadherin and vimentin, which mediate cell-cell matrix heterogeneous adhesion, were markedly increased, as demonstrated in [Fig. 1B](#f1-ol-0-0-6470){ref-type="fig"}. The results indicated that the classical biological markers of EMT, induced by TGF-β1, were markedly altered in human AGS gastric cancer cells compared with untreated controls, which suggested that the transformation of epithelial cells to mesenchymal cells occurred. EMT is an important biological process during which malignant tumor cells derived from epithelial cells obtain migratory and invasive abilities. TGF-β1 may successfully induce EMT in the AGS cell line.

### Cell viability

The AGS cell control group grew well *in vitro*. Compared with the control group, AGS cells treated with 10--320 mg/l COE exhibited a concentration- and time-dependent inhibition of viability, as indicated by [Fig. 2](#f2-ol-0-0-6470){ref-type="fig"}. Compared with the control group, cells treated with 40 mg/l COE for 12 and 24 h, and cells treated with 20 mg/l COE for 48 h exhibited marked growth inhibition (P\<0.05). In order to exclude the cytotoxic effect of COE on EMT in cells, low concentrations (10, 20, 40 mg/l) of COE were used to treat AGS cells for 24 h in subsequent experiments to investigate the inhibitory effect of COE on AGS cell viability. Concomitantly, the 50% inhibitory concentration of COE was 83.5 mg/l at 24 h.

### Effect of COE on invasion and migration of AGS cells

A negative control group, model group and groups treated with 10, 20 or 40 mg/l COE were prepared. Compared with the model group, the number of cells invading through the membrane was significantly decreased following treatment with 10, 20 or 40 mg/l COE for 24 h (P\<0.05), as demonstrated as [Fig. 3](#f3-ol-0-0-6470){ref-type="fig"} and [Table I](#tI-ol-0-0-6470){ref-type="table"}. COE may significantly inhibit AGS cell invasion and metastasis.

### Association between cofilin 1 expression and EMT

Through a combined immunofluorescence and cytoskeleton staining method, it was clear that an increased level of Cofilin 1 expression accompanied the stretching out of lamellipodia and filopodia in the cells undergoing EMT. The high expression of Cofilin 1 in the EMT cells was demonstrated with dark green staining, as compared with the normal control cells. A number of cells demonstrated Cofilin 1 expression in normal control cells (red box; [Fig. 4](#f4-ol-0-0-6470){ref-type="fig"}). This suggested that Cofilin 1 was directly involved in the process of EMT in AGS cells, and served an important function.

### Expressions of cofilin 1, E-cadherin, N-cadherin, vimentin, MMP-9 and MMP-2

AGS cells were treated with different concentrations of COE for 24 h. The western blotting results suggested that Cofilin 1, N-cadherin, vimentin, MMP-2 and MMP-9 protein expression was markedly decreased with increasing concentrations of COE compared with the model group, while the expression level of E-cadherin protein increased, as demonstrated in [Fig. 5](#f5-ol-0-0-6470){ref-type="fig"}.

### Cytoskeleton staining detected by laser confocal microscopy

The negative control AGS cell group exhibited a distribution of microfilaments primarily on the cell membrane and cytoplasm, connected into a net. Cytoplasmic microtubules were stained uniformly with red fluorescence, and the cell borders around were clear with a small amount of microfilament formation ([Fig. 6](#f6-ol-0-0-6470){ref-type="fig"}). Cytoskeleton staining in the model group demonstrated that the microfilament and skeleton structures were significantly altered compared with the negative control group. For example, cytoskeleton staining was darker, the microfilament grid structure was not clear and there was evidence of microfilament enrichment on the cell membrane. Cell morphology changed from an irregular quadrilateral shape into an oval appearance. The cells possessed increased invasion and metastasis abilities with long and rich microfilament tubules, a typical EMT cell form ([Fig. 6](#f6-ol-0-0-6470){ref-type="fig"}). Treatment with 40 mg/l COE for 24 h resulted in a restoration of the clear microfilament grid structure, and the number of microfilament bundle fibers on the cell membrane was reduced. The number of microfilament tubules around the cells was reduced, or disappeared in certain instances, and the cytoskeleton of the cells became partially dissolved or fractured. This indicated that COE may inhibit the changes in cytoskeleton and microfilament structure and distribution in AGS cells, as induced by TGF-β1 ([Fig. 6](#f6-ol-0-0-6470){ref-type="fig"}).

Discussion
==========

Cell migration is a key step in malignant tumor invasion and metastasis events ([@b16-ol-0-0-6470]). Tumors spread through tumor cell invasion and migration into peripheral tissues. It is the primary reason why malignant tumor recurrence rates are high. EMT is an important biological process through which malignant tumor cells, derived from epithelium, achieve migration and invasion abilities ([@b17-ol-0-0-6470]). During this process, cell morphology changes; they become flatter and wider, and visible filopodia and lamellipodia form at the front of polarized cells. Under the action of the contractile forces of the cells, pseudopodia are stretched forward and pull the rear cell body forward ([@b18-ol-0-0-6470]). As an important regulatory factor of cell migration, Cofilin 1 adjusts the structure of filopodia and lamellipodia to promote cell migration ([@b19-ol-0-0-6470]). Clinical studies have revealed that Cofilin 1 is closely associated with pathological differentiation, tumor size, lymph node metastasis and clinical stages in gastric cancer, and serves an important function in the process of invasion and metastasis in gastric cancer ([@b8-ol-0-0-6470],[@b20-ol-0-0-6470]). As an important factor regulating tumor cell invasion and metastasis, Cofilin 1 regulation of EMT is primarily evident in the regulation of changes to the cell cytoskeleton, which reduces the dependence on the ECM for adhesive growth ([@b21-ol-0-0-6470],[@b22-ol-0-0-6470]). Cofilin 1 continuously regulates filamentous actin (F-actin) depolymerization and aggregation in order to alter the cell cytoskeleton through nucleating the polymerization of F-actin fibres ([@b23-ol-0-0-6470]). Through reconstructing the front lamellipodium and lamellar structure of cells, this regulates cell 'steps' forward ([@b24-ol-0-0-6470]). The highly-localized activities of Cofilin 1 produce pseudopodia and determine the exact direction of cell movement, serving a function as the 'steering wheel' of cells ([@b25-ol-0-0-6470]).

Previous studies have identified that COE may inhibit tumor cell proliferation, invasion and metastasis ([@b26-ol-0-0-6470]--[@b28-ol-0-0-6470]). Its action may occur through inhibiting tumor cell transformation of epithelial-mesenchymal process to implement, but the specific mechanism is unclear. An experimental study revealed that COE may downregulate the expression level of Cofilin 1, thereby reducing the interaction of Cofilin 1 and F-actin ([@b29-ol-0-0-6470]). Cofilin 1 inhibits the depolymerization of F-actin by reducing the dissociation rate of actin monomers from the end of the fiber. As the depolymerization rate of F-actin is inhibited the changes to the cytoskeleton are impeded, which directly inhibits the EMT process of induced changes in morphology and cell invasion and metastasis abilities.

In the process of tumor invasion and metastasis, MMP family proteins are the most important proteases that degrade the ECM. In particular, MMP-2 and MMP-9 are closely associated with invasion and metastasis in gastric cancer ([@b30-ol-0-0-6470]). Following EMT in cells, the expression levels of MMPs rises ([@b31-ol-0-0-6470]). The present study revealed that in the control and intervention groups, the expression levels of Cofilin 1 and MMPs were consistent. Previous studies have demonstrated that the expression of Cofilin 1 reduces adhesion between the cells and ECM, and that Cofilin 1 activation may extend the actin chain, produce barbs at the ends, and determine the precise direction of the tumor cell movement. Silencing Cofilin 1 expression may increase adhesion between the cells and ECM ([@b32-ol-0-0-6470],[@b33-ol-0-0-6470]). This is in concordance with the results of the present study. Therefore, COE may reduce Cofilin 1-dependent changes to the cytoskeleton through directly inhibiting the expression of Cofilin 1, resulting in the inhibition of the EMT process of the cells. The suppression of the EMT process in tumor cells directly leads to decreased MMP-2 and MMP-9 protein expression levels ([@b30-ol-0-0-6470]). In the present study, detecting the expression levels of classic EMT biomarkers and MMPs indicated a direct inhibition of the EMT process.

In conclusion, COE may significantly downregulate Cofilin 1 protein expression levels in human gastric cancer AGS cells, thus effectively inhibiting alterations of the AGS cell cytoskeleton and suppressing EMT progress. Additional studies are required to investigate how to reduce the expression levels of Cofilin 1 protein.
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![(A) Morphological changes prior and subsequent to TGF-β1 treatment (magnification, x100). In the red box, cells were enlarged to show the formation of pseudopodia, indicated by the red arrows. (B) Changes to levels of epithelial-mesenchymal transition biomarkers prior and subsequent to TGF-β1 treatment. (C) Arrow 1 indicates cell filopodia and arrow 2 indicates cell lamellipodia. Arrow 3 indicates gradual alterations in cell morphology from the irregular polygon form of epithelial cells into the spindle or fusiform form of interstitial cells (magnification, x200). TGF-β1, transforming growth factor β1; E-cadherin, epithelial cadherin; N-cadherin, neural cadherin.](ol-14-03-2926-g00){#f1-ol-0-0-6470}

![The inhibition of AGS cell viability induced by COE was concentration- and time-dependent. \*P\<0.05 and ^\#^P\<0.01 vs. control. COE, *Celastrus orbiculatus* extract.](ol-14-03-2926-g01){#f2-ol-0-0-6470}

![COE inhibits AGS cell invasion and metastasis (magnification, x100). COE, *Celastrus orbiculatus* extract; TGF-β1, transforming growth factor β1.](ol-14-03-2926-g02){#f3-ol-0-0-6470}

![(A) Cellular immune fluorescence: Cofilin 1 expression in AGS cells undergoing EMT, induced by TGF-β1. (B) Cytoskeleton staining: EMT was induced by TGF-β1 in AGS cells, and then cells were stained with tetramethylrhodamine-conjugated Phalloidin. (C) Nuclear DAPI staining in AGS cells. (D) Merged images: By combining immunofluorescence and cytoskeleton staining methods, it was possible to observe that an increased level of Cofilin 1 expression accompanied the stretching out of lamellipodia and filopodia in EMT-induced AGS cells. The arrows indicate typical EMT cells and demonstrate that expression of Cofilin 1 in these cells was marked, as the cell cytoplasm was dark green. Cells in the red box exhibited Cofilin 1 expression in normal control cells (magnification, x200). EMT, epithelial-mesenchymal transition; TGF-β1, transforming growth factor β1.](ol-14-03-2926-g03){#f4-ol-0-0-6470}

![Changes in EMT biomarker expression levels following COE treatment for 24 h, was (A) assessed by western blotting and (B) quantified. Changes in the expression levels of MMPs following treatment with COE for 24 h was (C) assessed by western blotting and (D) quantified. \*P\<0.05 and \*\*P\<0.01 vs. control. EMT, epithelial-mesenchymal transition; COE, *Celastrus orbiculatus* extract; MMP, matrix metalloproteinase; E-cadherin, epithelial cadherin; N-cadherin, neural cadherin; TGF-β1, transforming growth factor β1.](ol-14-03-2926-g04){#f5-ol-0-0-6470}

![Changes in cell morphology, cytoskeleton and microfilament structure and distribution (magnification, x400). As demonstrated in the figure, COE may significantly inhibit the rearrangement of the cytoskeleton, which may reduce the morphological changes of the cells and inhibit the epithelial-mesenchymal transition process. COE, *Celastrus orbiculatus* extract.](ol-14-03-2926-g05){#f6-ol-0-0-6470}

###### 

Inhibition of AGS cell invasion and metastasis by COE.

  Transforming growth factor-β1 (10 µg/l)   COE (mg/l)   No. of invading cells                                                                                     No. of migrating cells
  ----------------------------------------- ------------ --------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------
  −                                           0          110.4±7.64                                                                                                221.8±29.56
  \+                                          0          137.8±6.38^[a](#tfn1-ol-0-0-6470){ref-type="table-fn"}^                                                   384.2±22.75^[a](#tfn1-ol-0-0-6470){ref-type="table-fn"}^
  \+                                        10             105.4±9.24^[a](#tfn1-ol-0-0-6470){ref-type="table-fn"},[b](#tfn2-ol-0-0-6470){ref-type="table-fn"}^         288.4±20.65^[a](#tfn1-ol-0-0-6470){ref-type="table-fn"},[b](#tfn2-ol-0-0-6470){ref-type="table-fn"}^
  \+                                        20             77.8±7.92^[a](#tfn1-ol-0-0-6470){ref-type="table-fn"},[b](#tfn2-ol-0-0-6470){ref-type="table-fn"}^          191.0±20.11^[a](#tfn1-ol-0-0-6470){ref-type="table-fn"},[b](#tfn2-ol-0-0-6470){ref-type="table-fn"}^
  \+                                        40               38.4±13.35^[a](#tfn1-ol-0-0-6470){ref-type="table-fn"},[b](#tfn2-ol-0-0-6470){ref-type="table-fn"}^     85.2±18.77^[a](#tfn1-ol-0-0-6470){ref-type="table-fn"},[b](#tfn2-ol-0-0-6470){ref-type="table-fn"}^

P\<0.05 vs. control;

P\<0.05 vs. model. Data are presented as the mean ± standard deviation. COE, *Celastrus orbiculatus* extract.
